Objective: The knowledge that one carries the apolipoprotein E (APOE) ε4 allele risk factor for Alzheimer's disease was recently found to have little short-term psychological risk. The authors investigated the impact of knowledge of carrying the risk allele on subjective ratings of memory and objective memory test performance of older adults.
Method: Using a nested case-control design, the authors administered objective verbal and visual memory tests and selfrating scales of memory function to 144 cognitively normal older adults (ages 52-89) with known APOE genotype who knew (ε4+, N=25; ε42, N=49) or did not know (ε4+, N=25; ε42, N=45) their genotype and genetic risk for Alzheimer's disease prior to neuropsychological evaluation.
Results: Significant genotype-by-disclosure interaction effects were observed on several memory rating scales and tests of immediate and delayed verbal recall. Older adults who knew their ε4+ genotype judged their memory more harshly and performed worse on an objective verbal memory test than did ε4+ adults who did not know. In contrast, older adults who knew their ε42 genotype judged their memory more positively than did ε42 adults who did not know, but these groups did not differ in objective memory test performance.
Conclusions:
Informing older adults that they have an APOE genotype associated with an increased risk of Alzheimer's disease can have adverse consequences on their perception of their memory abilities and their performance on objective memory tests. The patient's knowledge of his or her genotype and risk of Alzheimer's disease should be considered when evaluating cognition in the elderly.
Am J Psychiatry Lineweaver et al.; AiA: [1] [2] [3] [4] [5] [6] [7] [8] The ε4 allele of the apolipoprotein E (APOE) gene located on chromosome 19 is the single most important susceptibility gene for dementia and Alzheimer's disease (1) (2) (3) . Recent research and debate have focused on the risks, benefits, and general ethics of disclosing APOE genotype to older adults. Results of a recent study (4) suggest that disclosure has few adverse emotional risks. Groups of asymptomatic older adults with a living or deceased parent with Alzheimer's disease who were randomly assigned to a disclosure group informed of their APOE gene status or a non-disclosure group who did not receive this information did not differ in levels of depression or anxiety during a year of follow-up. This was true regardless of whether disclosure revealed ε4+ or ε42 gene status. Despite the relatively low emotional impact of APOE genotype disclosure, some argue that few benefits are to be gained by informing asymptomatic adults that they may be at risk for a disease that cannot be prevented and for which available treatments offer only limited utility (5) .
A question that has not been addressed is that of how knowledge of one's APOE genotype might affect subjective self-judgment of memory functioning. Because the devastating impact of Alzheimer's disease on the ability to remember is widely known, older adults who know they have a genetic risk for the disease might be more likely to have lower subjective ratings of their memory than those who do not have the risk or do not know their genotype. Consistent with this possibility, studies have shown that older adults with a positive family history of Alzheimer's disease rate their memory functioning lower than those without a family history (6, 7); however, participants in these studies were aware of their family history, so the impact of being at risk as opposed to the knowledge of that risk cannot be separated. No studies have been conducted of self-ratings of memory and knowledge of APOE gene status, but one recent study (8) found no difference in subjective memory judgments made by ε4+ versus ε42 participants who were unaware of their genotype.
It is also possible that knowledge of genetic risk for Alzheimer's disease could influence objective memory performance. Knowledge of possession of a characteristic associated with poor cognitive performance can lead to lowered self-efficacy beliefs (i.e., belief in one's capability to produce a given level of performance), which may result in underperformance on objective memory tests as a result of low confidence, reduced effort, or lack of perseverance (9) . Studies have shown, for example, that activation of negative stereotypes about aging lead to decreased selfefficacy beliefs related to memory ability and decreased memory test performance in older adults (10; see also reference 11). Conversely, higher self-efficacy regarding memory ability is associated with better verbal memory test performance in elderly men (12) . These results suggest that memory test performance might be altered in normal elderly individuals to the extent that knowledge of APOE genotype leads them to question or to have confidence in their memory ability.
To address these issues, we obtained subjective memory ratings and tested memory performance in groups of cognitively normal older adults with known APOE genotype who were either informed (with appropriate genetic counseling) or not informed of their genotype prior to memory evaluation. We hypothesized that older adults with knowledge of their ε4+ status would judge their memory more harshly and have worse objective memory test performance than those without that knowledge. In contrast, older adults with knowledge of their ε42 status would judge their memory more positively and have better objective memory test performance than those without that knowledge.
Method

Participants
Participants were neurologically intact adults 52 to 89 years of age (N=144). They were recruited through media advertisements and public lectures calling for cognitively normal older volunteers. Individuals with a positive history of alcoholism, drug abuse, learning disability, or serious neurological or psychiatric illness were excluded. All participants were tested with a global mental status scale, the Dementia Rating Scale (13) , and those who scored less than 130 out of 144 were excluded (see reference 14) .
Genetic Testing and Disclosure
Participants were genotyped for APOE using a polymerase chain reaction-based method (2) . Fifty participants (34.7%) were ε4+ (ε2/ε4, N=4; ε3/ε4, N=43; ε4/ε4, N=3) and 94 (65.3%) were ε42 (ε2/ε2, N=1; ε2/ε3, N=19; ε3/ε3, N=74).
The study was carried out in two phases using a nested casecontrol design. In the first phase, APOE genotype was disclosed, after the informed consent process, to 74 participants (the "informed" group) who were enrolled in a study of cognitive and neuroimaging changes associated with normal aging (N=70) or in a pilot study of the impact of genetic screening on anxiety, health care utilization, and implementation of advance directives for health care (N=4). At the time of enrollment, these participants were told that APOE genotyping would be performed and that they would be informed of the results unless they chose not to be informed. Fifteen participants enrolled in this manner chose not to be informed. Disclosure was performed by an experienced genetic counselor (a licensed social worker or psychologist), who informed the participant of his or her APOE genotype. Counseling included information about the level of risk incurred from having a particular genotype, placing this risk in perspective by comparing it with other well-known medical risks, answering questions about Alzheimer's disease and genetic risk, describing the limitations of APOE genotype testing, and dealing with any psychological or emotional distress related to the test results. Systematic counseling occurred only at the time of disclosure, although additional counseling was offered if needed. None of the participants requested additional counseling. The subjective and objective memory evaluation that is the focus of the present study followed genotype disclosure by an average of 8.19 months (SD=5.78, range=1-24).
In the second phase, a group of 70 participants who had never been informed of their APOE genotype was recruited to match the informed group on age, years of education, Dementia Rating Scale score, and APOE genotype distribution. These participants were recruited either into the study of normal aging described above at a point when genotype was no longer disclosed (N=16; genotype disclosure was stopped for all participants in this study toward the end of recruitment) or as healthy control participants at the University of California, San Diego (UCSD) Alzheimer's Disease Research Center (ADRC), where genotype was never routinely disclosed (N=39). At the time of enrollment, these participants were told that APOE genotyping would be performed and that they would not be informed of the results. The 15 participants from the study of normal aging who had chosen not to be informed were included in this group. Thus, approximately half of the APOE ε4+ and ε42 participants knew their gene status at the time memory was evaluated, resulting in four groups that were compared on the outcome measures (see Table 1 ).
The inclusion and exclusion criteria were identical for the normal aging study and the ADRC healthy control group. The normal aging study, the small pilot study, and the ADRC study were each reviewed and approved by the UCSD institutional review board. In all cases, informed consent was obtained from each participant prior to enrollment after the study had been fully described to them.
Procedure
Participants completed widely used and sensitive objective tests of verbal and visual memory, two validated and wellstandardized scales for subjective self-assessment of memory functioning, and the Geriatric Depression Scale (15) . Memory testing was carried out in a quiet, well-lit room by a trained psychometrist blind to participants' genotype and knowledge of that genotype. Participants completed the subjective memory assessment scales at home and returned them by mail.
Objective memory tests. The logical memory subtest of the Wechsler Memory Scale-Revised (16) requires participants to remember two brief stories that are read aloud to them. Recall is assessed immediately after each story is read and again after a 30-minute delay. Each story consists of 25 ideas, and the number of ideas correctly recalled is scored for a possible total of 50 points. Immediate and delayed recall are scored separately. The Rey-Osterrieth Complex Figure Test (17) requires participants to copy a complex abstract line drawing as precisely as possible, then to immediately reproduce the figure from memory. After a 30-minute delay filled with unrelated verbal activity, participants again draw the figure from memory. The immediate and delayed recall drawings are scored for the presence and accuracy of each element of the complex figure (18). The total possible score for each drawing is 20.
Subjective memory scales. The short form of the Metamemory in Adulthood Questionnaire (19) includes 15 items that ask participants to rate their current everyday memory abilities on 5-point Likert scales (1=never, 5=always). Items collapse into two scales evaluating participants' subjective impressions of their memory ability in specific domains (capacity) and of changes in their memory ability across time (change). Higher scores on these scales indicate, respectively, better subjective memory and less self-perceived decline in memory across time.
The short form of the Memory Functioning Questionnaire (20, 21) contains 46 items that are each rated on a 7-point Likert scale (1=never, 7=always). Items collapse into five primary scales that assess subjective ratings of current compared with past memory functioning (retrospective functioning); how often problems arise in specific memory situations (frequency of forgetting); how often memory problems occur while reading books and newspapers (forgetting when reading); skill at recalling past events (past events); and how often external memory aids are relied upon to aid memory (mnemonics usage). Across all scales, items tally such that higher scores correspond to better subjective memory functioning.
Statistical Analysis
Univariate one-way analysis of variance (ANOVA) was used to compare age, years of education, and mental status test scores across the four groups of participants. Post hoc pairwise group comparisons were made with Student's t tests as necessary. Gender distribution was compared across the four groups using the chi-square test. Two-way multivariate ANOVA (MANOVA) was used to examine the effects of genotype and disclosure status on the seven subjective rating measures. Because some participants inadvertently failed to answer one or more items on one or more subjective scales, complete data for all seven of the subjective measures used in the MANOVA were available for 122 of the 144 participants. Follow-up two-way (genotype-bydisclosure status) ANOVAs were carried out on the individual subjective measures that showed significant effects in the MANOVA. Post hoc pairwise group comparisons were made with Student's t tests. Separate two-way ANOVAs were used to examine the effects of genotype and disclosure status on the four objective memory test measures. Post hoc pairwise group comparisons were made with Student's t tests. Because groups were matched, by design, on age, level of education, and mental status scores and did not significantly differ on these factors, these variables were not covaried in the MANOVA or ANOVA tests. Nor was the interval between disclosure and objective and subjective memory testing, since this was only relevant for the informed group and there were no significant correlations between the duration of the interval and any of the objective or subjective memory scores.
Partial eta-squared (h p 2 ) was used to measure effect sizes when analyses used ANOVA, and Cohen's d when analyses used the t test. Previous studies comparing cognitively normal young and older individuals (e.g., reference 22) or cognitively normal older individuals and those with mild cognitive impairment (e.g., references 23, 24) produced effect sizes of 0.80 or greater on the objective and subjective memory tests used in the present study.
A sample of approximately 25 participants per group provides a power of 0.80 to detect these or similar effect sizes with p,0.05 (two-tailed); thus, alpha was set at 0.05 (two-tailed). Analyses were conducted with SPSS 19.0 (IBM, Armonk, N.Y.).
Because of experimenter error, 30 participants were not tested with the logical memory subtest. The participant groups that completed this test contained 23 APOE ε4+ participants who knew their genotype status and 23 who did not, and 30 ε42 participants who knew their gene status and 38 who did not. All analyses were repeated with only these 114 participants. The groups remained similar (i.e., not significantly different) on demographic and mental status variables, and the pattern of results on the genotype-by-disclosure status MANOVA and ANOVA tests for the subjective and objective memory measures was identical to that of the full groups. Therefore, only the results obtained with the full groups are presented.
Results
Demographic and Clinical Comparisons
The participant groups did not differ significantly in age, years of education, Mini-Mental State Examination (MMSE) score, or Dementia Rating Scale score (Table 1) . There was no difference in gender distribution among the groups. A genotype-by-disclosure status between-groups ANOVA of scores on the Geriatric Depression Scale revealed no significant effect of genotype or disclosure status, and no genotype-by-disclosure status interaction effect.
Subjective Memory Comparisons
Memory self-rating scores are summarized in Table 2 . A genotype-by-disclosure status MANOVA that included all seven subjective memory measures as dependent variables revealed no significant effect of genotype or disclosure status, but a significant genotype-by-disclosure status interaction effect (F=2.7, df=7, 112, p,0.05). Follow-up ANOVAs with each subjective memory measure revealed significant genotype-by-disclosure status interaction effects for the capacity scale of the Metamemory in Adulthood Questionnaire (F=9.3, df=1, 137, p,0.01; h p 2 =0.064) and for the (Figures 1 and 2) . Participants who knew they were ε42 rated their memory functioning higher than those who did not know they were ε42 on the Metamemory in Adulthood Questionnaire capacity scale (t=2.31, df=90, p=0.023; d=0.48) and on the Memory Functioning Questionnaire retrospective functioning scale (t=2.81, df=89, p=0.006; d=0.59) and forgetting when reading scale (t=2.08, df=85, p=0.041; d=0.44). Participants who knew they were ε4+ rated their memory worse on the capacity scale than those who did not know they were ε4+ (t=2.03, df=47, p=0.048; d=0.58). These subgroups did not differ on other subjective memory rating scales. Comparisons limited to subgroups who did not know their genotype showed that ε4+ participants rated their memory better than ε42 participants on the retrospective functioning scale (t=3.24, df=65, p=0.002; d=0.79) and the capacity scale (t=2.20, df=65, p=0.03; d=0.58), but not on the frequency of forgetting and forgetting when reading scales.
Objective Memory Comparisons
The mean scores achieved on the objective memory tests are listed in Table 2 . Separate genotype-by-disclosure status between-groups ANOVAs of scores for the immediate and delayed conditions of the Rey-Osterrieth Complex Figure Test revealed no significant main effects or interaction effects. In contrast, genotype-by-disclosure status between-groups ANOVAs of scores for the logical memory subtest revealed a significant main effect of (Figure 3) . Participants who knew they were ε4+ performed significantly worse than those who did not know they were ε4+ in both immediate (t=3.76, df=44, p=0.001; d=1.11) and delayed (t=4.11, df=44, p,0.001; d=0.80) recall, whereas recall did not differ significantly in ε42 participants who knew or did not know their genotype. There were no significant differences in immediate or delayed recall scores achieved by ε4+ and ε42 participants who did not know their genotype.
Discussion
Our findings indicate that disclosure of an APOE genotype associated with an increased risk of Alzheimer's disease to cognitively normal older adults can have adverse consequences on subjective self-ratings of their memory abilities and on their performance on objective tests of memory. Consistent with our hypotheses, older adults with knowledge of their APOE ε4+ status tended to judge their memory more harshly and performed worse on an objective verbal memory test than did ε4+ adults without that knowledge. On the other hand, older adults with knowledge of their APOE ε42 status judged their memory more positively than did those who did not know that they were ε42, although these two groups did not differ in objective memory test performance. This interaction was apparent despite the fact that there was no significant difference in the objective memory test performance of ε4+ and ε42 individuals who did not know their genotype. Furthermore, ε4+ individuals who did not know their genotype had higher, not lower, memory selfratings on some scales (e.g., the Memory Functioning Questionnaire retrospective functioning scale) than did ε42 individuals who did not know their genotype. The lack of differences (or differences in the unexpected direction) in memory performance or ratings in those who did not know their genotype supports the contention that the different patterns observed in ε4+ and ε42 participants who knew their genotype was related to that knowledge. The main effect of disclosure on objective memory test performance occurred because knowledge of being ε42 did not enhance objective memory performance, unlike the enhancing effect this knowledge had on subjective memory ratings. However, the main effect of disclosure should not affect the expression of the observed interaction effect of genotype by disclosure status, since performance on the memory test was not near floor or ceiling levels in any of the four groups.
Consistent with the results of Green et al. (4), we found no significant differences in scores on the Geriatric Depression Scale among the ε4+ and ε42 participants who knew or did not know their genotype. This does not rule out the possibility that poorer performance and selfratings could be related to greater anxiety or test-related distress in those who knew they were ε4+, but neither of AJP in Advance ajp.psychiatryonline.org these psychological conditions was elevated by knowledge of an APOE ε4+ genotype in a previous study (4) . The different patterns of response to knowledge of APOE genotype in ε4+ and ε42 individuals cannot be attributed to differences in demographic characteristics, since the participant groups did not differ significantly in age, level of education, or gender distribution, nor to differences in overall cognitive ability (i.e., MMSE, Dementia Rating Scale scores). Worse performance on objective memory tests in ε4+ older adults who knew their genotype compared with those who did not know could be related to lower selfefficacy beliefs regarding memory in those with knowledge that they are at increased risk for Alzheimer's disease. Previous studies have shown that memory performance of older adults is related to their beliefs about their memory abilities (11, 12, 25) or can be influenced by manipulating those beliefs (10) . It may be the case that those who knew they were at risk for Alzheimer's disease had lowered expectations that resulted in reduced persistence and effort in performing memory tasks (26) or a reduced allocation of time to memory tasks that were perceived as difficult (27) . These possibilities are consistent with the pattern of subjective memory ratings we observed and with the fact that Metamemory in Adulthood Questionnaire capacity scale ratings were significantly correlated with immediate (r=0.27; p=0.004) and delayed (r=0.29; p=0.002) logical memory subtest scores across the entire sample, regardless of actual genotype or knowledge of genotype.
Although knowledge of having a genotype associated with an increased risk of Alzheimer's disease may adversely affect older adults' beliefs about their memory abilities and their performance on certain memory tasks, these effects might be reduced by psychological interventions. A number of studies have shown that negative stereotypes regarding cognitive abilities can be overcome to improve performance (10, 28, 29) . Interventions designed to mitigate negative self-perception of cognitive abilities (10) might be particularly useful in reducing the adverse effects of knowledge of APOE ε4+ genotype in older individuals.
Several limitations of this study should be noted. First, the study design did not include random assignment of participants to disclosure or non-disclosure groups. This could introduce bias (e.g., confounding by indication). That is, the group who agreed to learn their genotype may have been more motivated by memory concerns than the group who did not learn their genotype. This limits our ability to make strong inferences about cause-and-effect relationships. However, the matching procedure we used ensured that the four groups were similar in demographic characteristics and global cognitive abilities and likely did not differ in their motivation. We believe the primary difference was that the informed groups accepted the opportunity to know their APOE genotype and the other groups (for the most part) were never offered that opportunity. Second, it is possible that even though the ε4+ and ε42 groups scored similarly on the Dementia Rating Scale, subtle cognitive differences existed between the groups, since those who are ε4+ and therefore at greater risk of Alzheimer's disease are more likely to already have cerebral Alzheimer's pathology. Such subtle cognitive deficits could be evident on rigorous objective memory tests or associated with a sense of subjective cognitive impairment. It should be noted, however, that there was no main effect of genotype on any of the objective or subjective memory measures examined. Third, the effect of knowledge of APOE genotype on objective memory performance was evident on a verbal memory test but not on a visual memory test. Although this modality-specificity is consistent with the results of studies that compared older adults with a positive or a negative family history of dementia and Alzheimer's disease (12) , it is difficult to determine whether this is a reliable finding without more extensive verbal and visual memory testing. Finally, the results need to be replicated with a larger sample given that the potentially spurious finding of higher subjective memory ratings in ε4+ than in ε42 not-informed participants suggests a possible sampling bias. Despite these limitations, our results indicate that informing older adults that they have an APOE genotype associated with an increased risk of Alzheimer's disease can have adverse consequences on their perception of their memory abilities and on their performance on objective memory tests. Similar consequences might be expected if other indices of an increased risk of Alzheimer's disease are disclosed (e.g., neuroimaging or CSF biomarkers of preclinical Alzheimer's disease [30] ). Such knowledge could have a serious clinical impact by increasing the likelihood of false positive diagnosis of dementia or mild cognitive impairment in those who know they are APOE ε4+, or it could distort the results of clinical trials of primary prevention of Alzheimer's disease if participants with knowledge of their APOE ε4+ status are overrepresented in an unbalanced way in either the placebo or the treatment arm. Thus, clinicians and researchers should consider patients' knowledge of their genotype or knowledge of possession of other Alzheimer's biomarkers when evaluating older adults who may or may not be at risk for developing dementia.
